TABLES
Temperature can be coverted to degrees Celsius (°C) or degrees Fahrenheit (°F) by using the following equations:°C = 5/9(°F-32) °F = 9/5(°C)+32 Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)-a geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929. RESERVATION, WYOMING, 1992-93 By Dennis N. Grasso, Mary E. Jennings, and Wilfrid J. Sadler ABSTRACT Physical, chemical, and biological data were collected in 1992 and 1993 from irrigation drainage areas and wetlands of the Wind River Federal Irrigation Project, Wind River Indian Reservation, Wyoming. In this semiarid area of Wyoming, the natural and irrigation-impacted wetlands of the reservation are attractive to migratory and nesting aquatic birds, several species of fish, and three federally listed endangered species bald eagles, peregrine falcons, and whooping cranes that are know to use these wetland habitats seasonally. In response to increasing concern about the quality of irrigation drainwater and its potential adverse effects on fish, wildlife, and human health, an interagency field screening was conducted by the U.S. Geological Survey and the U.S. Fish and Wildlife Service, in cooperation with the Shoshone Tribe and Northern Arapahoe Tribe. This study was conducted under the guidance of the U.S. Department of the Interior National Irrigation Water Quality Program.
IV FIELD SCREENING AT WIND RIVER INDIAN RESERVATION, WYOMING ABBREVIATED WATER-QUALITY UNITS USED IN THIS REPORT
Most samples collected from irrigated sites in the Wind River Federal Irrigation Project had concentrations of inorganic constituents and organic compounds less than reported levels of concern in water, bottom sediment, and biota. However, in the Little Wind Unit irrigation area between Fort Washakie and Arapahoe, concentrations of selenium and mercury in water exceeded the U.S. Environmental Protection Agency's aquatic-life criterion for selenium, 5 \ig/L (micrograms per liter), and the proposed 1985 mercury criterion for freshwater aquatic life protection (0.012 \LgfL, 4-day average, not to exceed 2.4 p,g/L on an hourly average). Of the 14 water samples analyzed from the Little Wind Unit in 1993, 6 samples had selenium concentrations that equaled or exceeded 5 p-g/L, and 1 sample from McCaskey Drain had a selenium concentration of 17 p,g/L. Mercury concentrations in water sampled in the study area during 1992-93 were 0.1 p,g/L or less, except at four sites. One water sample collected in 1993 from Sharp Nose Draw in the Little Wind Unit had a mercury concentration of 4.9 p-g/L, and three samples collected in 1992 from Little Wind Unit and Johnstown Unit had mercury concentrations of 0.2 p,g/L. Natural concentrations of mercury in rivers and lakes have been reported to range from 0.01 to 0.05 p-g/L, and concentrations of 0.1 to 2.0 p,g/L have been reported to be fatal to sensitive aquatic species.
Bottom-sediment samples from Goose Pond and Sharp Nose Pond in the Little Wind Unit had selenium concentrations of 7.5 and 0.4 p,g/g (micrograms per gram). Mercury concentrations in the study area were less than 0.02 p,g/g at all bottom-sediment sampling sites investigated, except for Sharp Nose Pond in the Little Wind Unit where a mercury concentration of 0.02 p,g/g was measured.
Selenium concentrations in some aquatic vegetation and invertebrates, fish, bird eggs, and bird livers collected from the Little Wind Unit also were greater than established levels of concern. At Goose Pond and Sharp Nose Pond, for example, selenium concentration in bird livers ranged from 13.9 to 22.9 p,g/g and 6.93 to 14.0 p,g/g, with five of the six samples collected exceeding the 10.0 \ig/g level associated with reproductive failure in aquatic birds. Of the biota samples collected from the Little Wind Unit in 1993, no samples had concentrations of mercury greater than levels known to cause adverse effects to
INTRODUCTION

Background
Studies by the U.S. Fish and Wildlife Service (USFWS) in the Western United States have related incidences of mortality, embryo teratogenesis, and reproductive failures of aquatic birds and fish to high concentrations of selenium in irrigation drainage. These effects were discovered in 1983 at the Kesterson National Wildlife Refuge in the western San Joaquin Valley, California, where irrigation drainwater was impounded.
In response to widespread concern about the general nature and extent of contaminant problems associated with irrigation drainage, the U.S. Department of the Interior (DOI) developed the Irrigation Drainage Program (currently the National Irrigation Water Quality Program or NIWQP) in 1985 and formed an interbureau Task Group on Irrigation Drainage to address water-quality problems related to irrigation drainage for which the DOI may have responsibility. Subsequently, 26 areas that warranted reconnaissance-level studies were identified. The study areas relate to three areas of DOI responsibility: (1) irrigation or drainage facilities constructed or managed by the DOI; (2) National Wildlife Refuges managed by the DOI that receive irrigation drainage; and (3) other migratory-bird or endangered-species management areas that receive water from DOI-funded projects.
The discovery of the effects of selenium on the health of biota has led to more than a decade of scientific investigation regarding the quality of irrigation water and its potential harmful effects on humans, fish, and wildlife (Case and others, 1990; Feltz and others, 1991; Peterson and Nebeker, 1992) . Selenium concentrations greater than the water-quality criterion for the protection of aquatic life (U.S. Environmental Protection Agency, 1987) have been detected in surface and subsurface drainwater from irrigated land (Feltz and Engberg, 1994) , and arsenic, heavy metals, and pesticide residues have been detected in numerous areas of the Western United States that receive irrigation drainage. Concentrations can become toxic where naturally occurring selenium and associated constituents are leached from soil and underlying geologic formations by irrigation water and accumulated by evaporative and bioaccumulation processes. Wetlands and closedbasin ponds are particularly susceptible sites.
In 1990, the U.S. Geological Survey (USGS) collected and analyzed surface-and ground-water samples from irrigation drainage areas on the Wind River Indian Reservation. The analysis indicated that surface water from Mill Creek below Coolidge Canal had a selenium concentration of 5 |ig/L and that selenium concentrations in ground water were as high as 65 |lg/L (Druse and others, 1991, p. 457 and 487) . During the Phase 2 comprehensive site-identification survey of the Riverton Reclamation Project, which was conducted as part of the NIWQP, the presence of selenium and other chemical constituents in irrigation drainage water was shown to be a potential problem to fish and aquatic birds in the area (Peterson and others, 1991, p. 43) . Lemly (1993) and Lemly and Smith (1987) indicated that selenium concentrations greater than 2 ug/L can bioaccumulate in food chains and cause adverse reproductive effects in fish and aquatic birds.
As a result of these previous investigations, the quality of irrigation drainage in the Wind River Federal Irrigation Project of the Wind River Indian Reservation has become of interest. The area of this investigation is of added concern because of its use by many species of migratory and nesting aquatic bird, s and several species of fish. This investigation was conducted by interbureau field teams composed of scientists from the USGS and the USFWS in cooperation with the Shoshone Tribe and the Northern Arapahoe Tribe.
Purpose and Scope
This report gives the results of a reconnaissance, or field screening, of the physical and chemical conditions of four irrigation units comprising the Wind River Federal Irrigation Project study area. Descriptions of the general physiography, hydrology, and biota are given, and the concentrations of selected inorganic constituents and organic compounds in water, bottom sediment, and biota are presented. The concentrations of inorganic constituents and organic compounds identified in the study area are compared to various established guidelines and baseline information.
Physical and chemical data are presented for water, bottom sediment, and biota sampling sites judged to be representative of the irrigated areas and wetlands in the Wind River Federal Irrigation Project on the reservation. Water-quality data are presented in tables and graphs of this report for two irrigation seasons, August-September 1992 and June 1993. Of the 30 sites studied, water samples were collected at 25 sites late in the irrigation season of 1992, and at 22 sites early in the irrigation season of 1993. In addition to these water-quality samples, bottom-sediment samples and biota samples were collected in 1993 from wetland sites in areas where irrigation-induced contamination may pose a threat to fish and wildlife. Bottom-sediment samples were collected at 7 of the 22 water-sampling sites in 1993, and biota samples were collected from wetland areas at 6 sites. Concentrations of inorganic constituents and organic compounds (pesticides) in the four irrigation units evaluated are presented and areas of potential contamination induced by irrigation drainage are identified.
Data collected during this investigation will help the DOT determine whether irrigation drainage in the study area might be harmful to humans, fish, or wildlife. From these data, the DOI will determine whether a more detailed investigation is warranted.
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HISTORY OF IRRIGATION ON THE WIND RIVER INDIAN RESERVATION
Irrigation drainage activities on the Wind River Indian Reservation began in 1873, about 5 years after the reservation was established (Gerharz, 1946, p. 1) . James Irwin, U.S. Government Agent on the reservation, and two government-sponsored farmers directed efforts to plow furrows and dig ditches that would ultimately be used to irrigate about 300 acres of land between the present towns of Wind River and Fort Washakie, Wyoming. During President Cleveland's administration in 1885-86, money was appropriated by Congress to construct an irrigation ditch near what is now the Sub-Agency Ditch, and by 1900, two addi- (McGreevy and others, 1969, p. 1-55) , and a small development (embankment) was constructed at the site of Ray Lake (Gerharz, 1946, p. 18) . Subsequently, small Congressional appropriations were made almost every year to construct canals and lateral irrigation ditches. By the summer of 1919, the main development, an earthfill embankment of about 45,000 yd (cubic yards) of material was constructed to contain Ray Lake. After several extremely dry years, the BIA used additional Congressional funds during the 1930s to construct dams and several new canals.
Irrigation of croplands in the Wind River Federal Irrigation Project proved to be productive to crop growth. However, irrigation drainage caused several problems including the waterlogging of soil and the accumulation of salt on the land surface and in the root zone (McGreevy and others, 1969, p. 1-57) .
DESCRIPTION OF STUDY AREA
The study area consists of four irrigation units of the Wind River Federal Irrigation Project on the Wind River Indian Reservation ( fig. 1 ). Within this semiarid area, an irrigation network about 90 mi in length diverts approximately 170,000 acre-ft (acre-feet) of water annually through a series of unlined canals, ditches, and drains constructed in soil, weathered rock, and other unconsolidated geologic surface materials (Miller, 1993, p. 13) . Principal streams in the area are the Wind River, Little Wind River, and Popo Agie River. The Wind River, Little Wind River, and other perennial streams that flow eastward from the Wind River Range provide most of the irrigation water for the area.
Physical Setting
The irrigated areas investigated comprise river terraces and alluvial valleys of the Wind River near Crowheart and Kinnear, and alluvial valleys of the Little Wind River and its tributaries between Fort Washakie and Riverton ( fig. 1 ). These lands are composed mostly of Quaternary alluvial sand and gravel deposited by the Wind River and Little Wind River, and colluvial slope deposits derived from local outcrops of Wind River and Fort Union Formations of Tertiary age and Cody Shale of Cretaceous age (McGreevy and others, 1969) . The locations of these geologic outcrops in relation to irrigation drainage areas in the study area are important because soil forming from these geologic materials may contribute naturally occurring selenium and associated trace elements to irrigation drainwater where these elements can be concentrated by evaporation and bioaccumulation processes in low-lying basins and wetlands.
Selenium commonly occurs with such trace elements as uranium, arsenic, molybdenum, and vanadium, and is known to be present in varying concentrations in many of the geologic formations, soil, and vegetation of Wyoming (Case and Cannia, 1988) . The locations of potentially seleniferous areas on the reservation, as identified and mapped by Case and Cannia (1988) , are shown in figure 2. In the southcentral part of the reservation, geologic formations and locally derived sediment and soil that have the potential to support seleniferous vegetation that may be highly toxic to animals (Case and Cannia, 1988) correspond with irrigated areas of the Little Wind irrigation unit (figs. 1 and 2). One such geologic formation, the Cretaceous Cody Shale, that is known throughout Wyoming to contain potentially high concentrations of selenium (Case and Cannia, 1988) , trends northwest to southeast through the irrigation unit. Adjacent to this outcrop, exposures of Tertiary and Quaternary age sediment may contain materials derived from the older marine shale. These sediments were identified by Case and Cannia (1988) as having the potential to support vegetation that may be moderately and mildly toxic to grazing animals ( fig.2 ).
Hydrologic Setting
Four irrigation units were investigated during this study: (1) Little Wind Unit, (2) Left-Hand Unit, (3) Johnstown Unit, and (4) Upper Wind Unit. The locations of these irrigation units on the reservation, as identified and named by McGreevy and others (1969) , are shown in figure 1. The locations of sampling sites 1-23 in and near the Little Wind, Left-Hand, and Johnstown Units are shown in relation to the area's principal streams, lakes, and towns in figure 3 . The locations of sampling sites 24-30 in and near the Upper Wind Unit are shown in relation to the Wind River and Dinwoody Lakes in figure 4 . In addition to these major irrigation units, a few small privately operated irrigation areas exist in the upper Wind River valley, and along other perennial streams in the area.
Little Wind Unit
The Little Wind Unit contains 29,550 irrigable acres (Ruth Thayer, Bureau of Indian Affairs, written commun., 1992) and is irrigated by water diverted from the North Fork Little Wind River, South Fork Little Wind River, Little Wind River, Washakie Reservoir (capacity of 7,900 acre-ft), Trout Creek, Ray Lake (capacity of 7,100 acre-ft), and Mill Creek ( fig. 3) . The Little Wind Unit is subdivided into three systems named for their major canals Ray System, Coolidge System, and Sub-Agency System. Water sampling sites 1-5 are located in the Ray System; sites 6-14 are located in the Coolidge System; and sites 15-18 are located in the Sub-Agency System ( fig. 3 ). Figure 5 , a schematic diagram of the Little Wind Unit, shows the routing and flow directions of the three systems in the irrigation unit. Of the three main canals, Ray Canal is the most upstream and westward of the diversions. Irrigation water of the Ray System, in general, flows southeast from the South Fork Little Wind River by way of Ray Canal and natural drains, sloughs, and draws into Trout Creek, 37-C Lateral, Ray Lake, Mill Creek, and finally into the North Popo Agie River upstream from the town of Milford ( fig. 3) Case and Cannia, 1988) .
Left-Hand Unit
The Dinwoody Canal, which carries water from the lakes down valley into Dry Creek Canal, Meadow Creek Canal, and Willow Creek Canal. Down-system from Dry Creek, numerous laterals and turnouts direct irrigation water across cultivated fields of the upland bench. Water returning from these fields flows into existing draws and drains, crosses the river bottom area to the northeast, and eventually flows back into the Wind River upstream from Little Sand Draw. Figure 8 , a schematic diagram of the Upper Wind Unit, shows the three canals in relation to Dinwoody Lakes and the Wind River.
Nearer the Wind River, the lower river bottom irrigation system of the Upper Wind Unit receives water from the Upper Wind River "A" Canal and the Wind River "A" Canal ( fig. 8 ). The Upper Wind River "A" Canal carries water routed directly from the Wind River. The Wind River "A" Canal carries water routed from Dry Creek. Irrigation water from cultivated fields of the river bottom system is returned to the Wind River through the same draws and drains used by the upper system. The locations of water sampling sites 24-30 in and near the Upper Wind Unit are shown in figure 4.
Johnstown Unit
The Johnstown Unit contains 1,207 irrigable acres (Ruth Thayer, Bureau of Indian Affairs, written commun., 1992) and is serviced by water diverted from the Wind River by the Johnstown Canal, west of Kinnear, Wyoming ( fig. 3 ). Agricultural lands of the Johnstown Unit are irrigated by a simple and relatively short irrigation network consisting of small ditches and turnouts that direct water from Johnstown Canal onto cultivated fields. 
Upper Wind Unit
The Upper Wind Unit contains 10,726 irrigable acres (Ruth Thayer, Bureau of Indian Affairs, written commun., 1992) and incorporates two interconnected irrigation systems ( fig. 4 ). Agricultural lands situated along upland benches and terraces formed on glacial till and underlying alluvium are irrigated by water diverted from Dinwoody Lakes (storage capacity about 5,000 acre-ft). This upper irrigation system consists of
Biota
The Wind River Indian Reservation contains diverse wildlife and wildlife habitats within the plains, foothills, and mountains. An estimated 27 fish, 241 birds, and 66 mammals use these areas (Kathy Firchow, U.S. Fish and Wildlife Service, written commun., 1993). Little baseline data are available on the distribution and population dynamics of fish, waterfowl, upland birds, and endangered species.
Endangered Species
Information from USFWS databases indicates that several federally listed endangered species may inhabit the reservation. Peregrine falcons (Falco peregrinus) migrate through the area during spring and fall. Bald eagles (Haliaeetus leucocephalus) migrate through the reservation and winter along the Wind River. Whooping cranes (Grus americanus) may utilize summer range on the reservation and may be occasional visitors during spring and fall migrations. Prairie dog (Cynomys spp.) colonies occur in the area and may provide potential habitat for the endangered black-footed ferret (Mustela nigripes). 
Fisheries
Water on the reservation has historically contained Yellowstone cutthroat trout, ling (freshwater burbot), sauger, mountain whitefish, suckers, and rainnow species (Baldes, 1981) . Table 1 lists the various fish species that have been identified on the reservation. Water bodies supporting fish, and the resident species, are listed in Baldes (1981, table 5) . Several populations of fish, mostly native species, are important because of their cultural significance, fishery value, or declining status. The ling, a native of many streams and some lakes on the reservation, is a culturally significant species that provides tribal members with an important fishery in several reservation lakes during the winter and in the Wind River and Little Wind River during the spring and fall. Baldes (1981) contends that the ling should be considered an imperiled species on the reservation and probably throughout Wyoming because of habitat losses resulting from reservoir drawdowns and the dewatering of rivers and streams for irrigation purposes.
Aquatic Birds
Wetlands of the Wind River Indian Reservation are extensively used by a variety of resident and migratory aquatic birds (table 2) (Smith, 1982) . Information from USFWS databases indicates that these wetlands serve as spring and fall stopover areas for such diverse migratory aquatic birds as swans, cranes, grebes, sandpipers, and a number of diving and dabbling ducks. The wetlands provide nesting habitat for Canada geese, mallards, and other dabbling ducks, and for two heron rookeries (Kathy Firchow, U.S. Fish and Wildlife Service, oral commun., 1993) . The wetlands in the study area have not been surveyed to document bird use.
Aquatic birds provide opportunities for bird watching and waterfowl hunting at reservation wetlands. Waterfowl hunting licenses are sold only to tribal members. Thirty licenses were sold during 1992, but no information was gathered on that year's harvest (Kathy Firchow, U.S. Fish and Wildlife Service, written commun., 1993). Sampling and analysis methodologies of water and bottom sediment followed guidelines and procedures established for Phase 2 Reconnaissance Investigations under the NIWQP. Water and bottom-sediment samples were collected and analyzed from selected sites in the four irrigation units by the USGS. Biota samples were collected and analyzed only from the Little Wind Unit irrigation area by the USFWS. Collection sites for water, bottom sediment, and biota were collocated in the Little Wind Unit, and 1993 sampling was coordinated for accuracy and scientific consistency. Bottom sediment and biota samples were collected only in 1993. At least one bottom-sediment sample was collected from each irrigation unit investigated. Biota samples were collected from White Horse Draw Wetland above Trout Creek in the Ray System, Goose Pond and Sharp Nose Pond in the Coolidge System, and Arapahoe Wetlands Pond in the SubAgency System. standardized guidelines and quality-control procedures (See and others, 1992; Knapton, 1985; Friedman and Erdmann, 1982) . Discharge was measured at sites on creeks, canals, and drains using techniques described in Rantz and others (1982) . Samples collected for analyses of organic compounds were filtered onsite through a 0.45-|lm (micrometer) acetate filter into 250-mL (milliliter) bottles. Nutrient samples were preserved onsite with mercuric chloride. Dissolved trace-metal samples were filtered through an acetate filter into an acid-rinsed 250-mL bottle and preserved onsite with nitric acid. Dissolved major-ion samples were filtered through an acetate filter into 250-mL bottles. All samples were chilled immediately.
Physical properties (alkalinity, hardness, and dissolved solids), inorganic constituents (major ions, nutrients, and trace elements), and organic compounds (pesticides) were analyzed by the USGS National Water Quality Laboratory in Arvada, Colorado. Laboratory procedures are described in Fishman and Friedman (1989) . Table 4 lists the inorganic constituents and organic compounds analyzed in waterquality samples. Trace elements and pesticides were analyzed in this study because of the potential adverse effects of high concentrations of these constituents on wildlife that may use wetlands in the study area.
Bottom-Sediment Samples
Water-Quality Samples
Water-quality sampling sites were chosen from each of the four irrigation units to best identify areas where concentrations of chemical constituents, such as selenium, may have been concentrated as a result of irrigation drainage practices and evaporative and bioaccumulation processes. Thirty water-quality sites were sampled in 1992-93. These sites were chosen to be representative of irrigation water in canals, ditches, and drains, and in closed-and open-basin wetlands, marshes, and ponds associated with irrigation drain water. Table 3 lists the sites sampled in the four irrigation units and the types of analyses performed.
Water-quality samples were collected late in the 1992 irrigation season (August-September) and early in the 1993 irrigation season (June). Onsite measurements of air temperature, water temperature, barometric pressure, pH, specific conductance, and dissolved oxygen were made immediately after water-sample collection. Water samples for this study were collected, preserved, and analyzed according to USGS Bottom-sediment samples were collected from seven sites in the study area early in the irrigation season of 1993 at the same time water-quality samples were collected. Sampled sites included White Horse Draw Wetland above Trout Creek (site 2), Goose Pond (site 9), Sharp Nose Pond (site 10), and Arapahoe Wetlands Pond (site 17) Bottom-sediment samples were collected from the upper 5-10 centimeters of bed material in ponds, wetlands, and drains suspected of having high concentrations of chemical constituents. Samples were collected using a stainless steel spoon auger and composited in a stainless steel container. Composite samples consisted of at least five subsamples representing a cross section of bed material at each site. Samples from ponds, marshes, and wetlands were collected near the mouth of the largest inlet channel. Analyses for major ions and trace elements in bottom-sediment samples were conducted by the USGS, Branch of Geochemistry Laboratory in Denver, Colorado. In addition to these constituents, four of the seven samples (table 3) also were analyzed for organic compounds by the USGS National Water Quality Laboratory in Arvada, Colorado. The analytical techniques and quality controls used in analyzing bottomsediment samples are described in Stewart and others (1992) , Harms and others (1990) , and Fishman and Friedman (1989) . The minimum reporting levels for inorganic constituents in bottom-sediment samples are given in Stewart and others (1992, 
Biota Samples
The USFWS conducted onsite investigations of wetland areas at Alkali Lake, Shaeffer Pond, White Horse Draw Wetland above Trout Creek, Ray Lake, Goose Pond, Sharp Nose Pond, and Arapahoe Wetlands Pond in the Little Wind Unit (fig. 3) . The wetland basins, such as Goose Pond, were preferred collection sites for aquatic vegetation, invertebrates, bird livers, bird eggs, and fish because of the potential for evaporative concentration of chemical contaminants. Site selection for avian samples depended upon the occurrence of nesting aquatic birds at or near the wetlands in June 1993. In addition to these wetland areas, the Little Wind River downstream of Arapahoe Wetlands Pond was the preferred collection site for the fisheries resource because of its proximity to irrigation drainage areas and potentially seleniferous geologic materials identified by Case and Cannia (1988) . Table 3 lists the sites sampled and the types of analyses performed on biota samples from each site. Onsite evaluations of biota involved surveys for aquatic bird nests and collection of aquatic bird eggs, juvenile aquatic birds, fish, aquatic vegetation, and aquatic invertebrates. The biological media sampled and the number of samples collected in 1993 are listed in table 5. All onsite collections were made following established Biological Section Guidelines of DOI Irrigation Drainage Reconnaissance Study Plans (DOI, written commun., 1987) . Site-specific procedures used in this study are described below.
Onsite nest searches were conducted in suitable habitat at Shaeffer Pond, Ray Lake, Goose Pond, Sharp Nose Pond, and Arapahoe Wetlands Pond. Eggs were obtained from nests of the American coot, Sora rail, common snipe, blue-winged teal, and mallard. One bird egg was collected from each nest having a clutch of two or more eggs.
Juvenile pre-fledged gadwalls and blue-winged teal were collected onsite for liver samples using a shotgun and steel shot. Pre-fledged birds were chosen because these birds are incapable of flight and could not have ingested chemical constituents of concern (for example, selenium and mercury) from sources outside the reservation. All birds collected appeared healthy. Livers and gastrointestinal tracts were removed with acetone-rinsed stainless steel dissection tools, placed in chemically cleansed glass jars, and frozen immediately. Samples of submerged aquatic vegetation were collected onsite by hand and washed of any sediment or detritus. Samples were identified, placed on ice, and frozen as soon as possible.
Water column invertebrates (damselfly larvae, Odonatd) were collected onsite using light traps similar to those described by Espinosa and Clark (1972) or with sweep nets. Benthic invertebrates (midge larvae, Chironomidae) were picked from bottom grab samples and from surface sweep net samples. Invertebrates were sorted, weighed, stored in chemically cleansed glass vials, and frozen immediately.
Fish were collected onsite using electroshocking equipment, gill nets, minnow traps, or light traps. Fish were measured, wrapped in hexane-rinsed aluminum foil, and frozen immediately. Species collected included fathead minnows, common carp, and white suckers.
Laboratory analyses of biota samples were conducted under contract with the USFWS Patuxent Analytical Control Facility, Laurel, Maryland. Trace elements were analyzed by the Research Triangle Institute in Research Triangle Park, North Carolina. Organic compounds were analyzed by Mississippi State Chemical Laboratory at Mississippi State University, Mississippi. Arsenic and selenium analyses were conducted according to methods described in Krynitsky (1987) using stabilized temperature, platform-graphite furnace, atomic absorption spectroscopy. Analysis for mercury was performed by cold vapor atomic absorption spectrophotometry as described by Monk (1961) . Boron, cadmium, and lead were analyzed by inductively coupled plasma-atomic emission spectroscopy using the dry ash procedure described by Haseltine and others (1981) . Organophosphates were analyzed using gas chromatography. Biota data, percentage moisture, and dry-weight concentrations presented in this report are those reported by the laboratories. All analyses were reviewed for quality assurance by Patuxent Analytical Control Facility. Data presented were rounded following USGS conventions.
All biota samples were submitted for traceelement analysis. Fish from Arapahoe Wetlands Pond and the Little Wind River, and the gastro-intestinal tract of gadwall from Goose Pond, were submitted for organochlorine analyses. All chemical concentrations for biota in this report are reported in |J,g/g (micrograms per gram) dry weight unless indicated otherwise.
CHEMICAL CHARACTERISTICS
The results of this field screening are presented below and in tables 6-11. The physical and chemical characteristics of water, bottom sediment, and biota from the sampling sites investigated (table 3) are presented separately.
Water
The physical properties and inorganicconstituent concentrations in water samples collected August-September 1992 and June 1993 are presented in table 6. Of the 30 sites investigated in 1992-93, eight sites were sampled only in 1992, 5 sites were sampled only in 1993, and the remaining 17 sites were sampled in both 1992 and 1993. Organic-compound concentrations for these water-sampling sites are given in table 7.
In samples collected from the study area, traceelement concentrations in the four irrigation units investigated varied more between units rather than within units. In samples collected from the Little Wind Unit, trace-element concentrations were higher in 1993 than in 1992. The highest selenium concentrations detected in water samples from the study area were from the Little Wind Unit. The maximum selenium concentration for samples collected in 1993 was 17 (J-g/L (site 5). The maximum selenium concentration for samples collected in 1992 was 4 |J.g/L (sites 13 and 16). Other trace element concentrations in water sampled from the study area followed similar trends. Boron concentrations ranged from 20 to 1,100 \igfL in 1993 and from 10 to 380 |ig/L in 1992; lead concentrations ranged from less than 1 to 4 |J,g/L in 1993 and from less than 1 to 1 |J,g/L in 1992; mercury concentrations ranged from 0.1 to 4.9 \ig/L in 1993 and from less than 0.1 to 0.2 |J,g/L in 1992; and zinc concentrations ranged from less than 3 to 38 |J,g/L in 1993 and from less than 3 to 21 \igfL in 1992.
Selenium concentrations in water samples collected in August-September 1992 and June 1993 are shown graphically in figure 9 relative to the U.S. Environmental Protection Agency (USEPA) aquaticlife criterion (5 (J-g/L) and the fish and wildlife toxicity threshold for waterborne selenium (2 |J.g/L) as defined by Lemly (1993) , Peterson and Nebeker (1992) , and Skorupa and Ohlendorf (1991) . The Federal freshwater aquatic-life criterion for selenium is presently a 4-day average concentration of 5 (J-g/L, no more than once every 3 years on the average, and a 1-hour average concentration of 20 |J.g/L, no more than once every 3 years on the average (U.S. Environmental Protection Agency, 1988). The USEPA water-quality criteria are not enforceable maximum acceptable concentrations until they are adopted as part of the State of Wyoming water-quality standards.
Of the 18 sites sampled in the Little Wind Unit ( fig. 3 , sites 1-18), water samples collected at 6 sites in June 1993 had selenium concentrations that equaled or exceeded the 5 |J,g/L aquatic-life criterion, and water samples collected at 12 sites in August-September 1992 and June 1993 had selenium concentrations that equaled or exceeded the 2 |J,g/L toxicity threshold. Concentrations of selenium in 1993 were equal to or greater than the 5 |J,g/L aquatic-life criterion at sites 4 and 5 in the Ray System, and at sites 7, 8,11, and 12 in the Coolidge System of the Little Wind Unit ( fig. 9 ). For the other three irrigation units of the study area, only one site in the Left-Hand Unit (site 19) had selenium concentrations of 2 |J,g/L in 1992 and 1993. Samples collected from the remaining sites in the Johnstown Unit and the Upper Wind Unit in both 1992 and 1993 had selenium concentrations that were at or below the minimum reporting level of 1 (J-g/L.
The highest waterborne selenium concentration of 17 |J,g/L was obtained from McCaskey Drain above Coolidge Canal (site 5) on June 8, 1993. On this same date, samples collected from an unnamed drain to Mill Creek on Ethete Road (site 4) and from Sharp Nose drain above Little Wind River (site 12) contained selenium concentrations of 7 |J,g/L and 6 (J-g/L, whereas water in Lower Hansen drain above Little Wind River (site 8) contained 8 |J,g/L of selenium on June 10,1993. Water sampled on June 8, 1993 from the unnamed drain to Mill Creek on Ethete Road (site 4) also had 11,600 |J,g/L dissolved solids, 2,500 mg/L (milligrams per liter) sodium, 990 |j.g/L boron, 220 \ig/L dissolved iron, and 4 |J,g/L dissolved lead ( Fitzgerald (1979) . 
Bottom Sediment
Inorganic constituent concentrations in bottomsediment samples collected from the four irrigation units investigated in June 1993 are presented in table 8. Of the seven bottom-sediment sampling sites investigated, the highest concentrations of arsenic (11 |lg/g), chromium (87 |lg/g), manganese (530 |lg/g), mercury (0.02 Hg/g), selenium (7.5 |lg/g), uranium (14.7 |ig/g), and zinc (100 |lg/g) occurred at either Goose Pond (site 9) or Sharp Nose Pond (site 10) in the Coolidge System of the Little Wind Unit irrigation area ( fig. 3) Arsenic concentrations in bottom sediment were highest (11 and 7.1 |lg/g), respectively, at Sharp Nose Pond (site 10) and White Horse Draw Wetland above Trout Creek (site 2) in the Little Wind Unit (table 8) . These concentrations exceed the average arsenic concentration of 5.3 (ig/g reported for other DOIinvestigated sites in the West (Stewart and others, 1992) . Goose Pond (site 9) in the Little Wind Unit had the highest uranium concentration (14.7 |lg/g) and the highest selenium concentration (7.5 |lg/g) of all bottom-sediment samples from the study area (table 8) .
The concentrations of organic compounds in bottom sediment from four of the seven sites sampled in June 1993 are presented in table 9. Concentrations of organic compounds in bottom sediment from the Little Wind Unit and the Left-Hand Unit were less than the minimum reporting levels (table 9).
Biota
The concentrations of trace elements and organic compounds in biota samples collected from the Little Wind Unit irrigation area in June 1993 are presented in tables 10 and 11. Results of analyses show that traceelement concentrations in biota were generally low, with many being at or less than the minimum reporting levels. For organic compounds, all reported concentrations were less than the minimum reporting levels. 90  150  190  990  80  290  80  290  450  380  490  200  60  270  180  230  230  120  140  160  150  190  170  190  250  240   160  110  120  120  --60  100  70  70  20   20  10  50  110  100  70  80  70  90  30  20 Cadmium, Irififinn n-n nnmi The following discussion focuses on those areas having samples with elevated trace-element concentrations. Concentrations are given in dry weight in table 10, and in wet weight in table 11. Both dryweight and wet-weight concentrations are given in the discussion in the following sections where concentrations are compared with cited references. Dry-weight and moisture percentage values, given in table 10, can be used to convert dry-weight concentrations to their wet-weight equivalents. The conversion is done by multiplying the dry-weight concentration by, 1 minus the percentage sample moisture expressed as its decimal equivalent.
CHEMICAL CHARACTERISTICS
Chromium, dissolvad dissolved (ng/L as Cd) (ng/L as Cr) Little Wind <1 10 <1 <1 <1 <1 <1 <1 <1 <1 <1 <3 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1 <1 <1 <1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 Lefl-Hand <1 <1 <1 <1 <1 <1 <1 <1 .. Johnstown 2 <1 <1 <1 <1 <1 <1 <1 1 <1 Upper Wind <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 Copper, dissolved (ng/L as Cu) Unit 1 1 1 1 1 2 1 <1 1 <1 <1 <1 <1 <1 2 <1 1 <1 <1 <1 3 1 1 <1 2 <1 2 1 Unit <1 2 <1 2 Unit <1 1 2 2 1 Unit 1 <1 1 1 1 <1 1 <1 1 <1 1 Iron, dissolved (ng/, Molybdenum, dissolved dissolved dissolved (ng/L as Pb) (ng/L as Hg) (ng/L as Mo) <1 <0.1 <1 <1 <.l 2 <1 <.l 1 <1 <.l 1 <1 <.l <1 4 <.l 2 <1 <.l 1 <1 <.l 1 <1 .1 <1 <1 .1 1 <1 <.l 2 <1 . 3 <1 <. 3 <1 <. <1 <1 <. <1 <1 4.9 <1 <1 <. 3 <1 . 3 <1 <.l 2 <1 .1 1 <1 .1 <1 <1 <.l 2 <1 <.l 2 <1 <.l 2 <1 .2 1 <1 <.l <1 <1 <.l 2 <1 <.l <1 <1 <.l 2 <1 <.l <1 <1 <.l 1 1 <.l 2 <1 .2 <1 1 <.l 1 <1 <.l 2 <1 <.l 1 <1 .2 <1 <1 <.l <1 <1 <. <1 1 <. 1 <1 <. 4 1 <. 3 <1 <. 2 <1 <. 3 <1 <. 1 <1 <. 1 <1 <. 1 <1 <. <1 Selenium, dissolved (H9/L as Se) <1 2 2 2 <1 7 3 17 <1 <1 5 3 8 <1 <1 5 3 6 4 1 2 4 4 <1 1 <1 3 2 2 2 <1 <l <1 <1 1 1 <1 <1 <1 <1 1 <1 <1 <1 <1 <1 <1 <1 Vanadium, dissolved (ng/LasV)
Submerged Aquatic Vegetation
Submerged aquatic vegetation is an important dietary item for many species of dabbling ducks and for some diving ducks (Bellrose, 1980) . Pondweed (Potamogeton spp.) and muskgrass (Chara spp.) are the dominant species of submerged aquatic vegetation observed in wetlands of the Wind River.
Most selenium concentrations in aquatic vegetation collected from the Little Wind Unit were below established levels of concern, except for a pondweed sample collected at Goose Pond (table 10) . At Goose Pond (site 9), the selenium concentration of 4.82 |lg/g dry weight from pondweed was slightly higher than that known to cause adverse effects for waterfowl (Lemly and Smith, 1987; Lemly 1993) . This pondweed sample from Goose Pond also had the highest concentration of boron in the study area (457 |0,g/g dry weight). Other boron concentrations in aquatic vegetation from the Little Wind Unit study area (table 10) were 28.9 |lg/g dry weight for muskgrass from Arapahoe Wetlands Pond (site 17) and 21.7 |ig/g dry Although the effects of boron on waterfowl reproduction are not well documented, concentrations of 300 |0,g/g dry weight and greater are commonly viewed as concentrations of concern (Patuxent Wildlife Research Center, 1986; Smith and Anders, 1989) .
Aquatic Invertebrates
Aquatic invertebrates inhabited all study area ponds where samples of biota were collected. Aquatic invertebrates, such as damselfly (Odonato) and midge fly (Chironomidae) larvae, are often consumed by several fish species and are a common dietary item for many species of waterfowl and shorebirds (Bellrose, 1980; Bent, 1962; Richards, 1988) . Aquatic invertebrates are an important dietary item for nesting hens and young birds (Welty and Baptista, 1988; Woodin andSwanson, 1989) .
All trace elements, except selenium, in aquatic invertebrates were at concentrations less than those that are reported to cause adverse effects to fish and wildlife, or were at concentrations less than the minimum reporting level (table 10) . Selenium concentrations in aquatic invertebrates ranged from less than the minimum reporting level (less than 1.01 |0,g/g dry weight) at White Horse Draw Wetland above Trout Creek (site 2) to 8.20 |0.g/g dry weight at Goose Pond (site 9). Selenium concentrations of 6.98 and 8.20 |0,g/g dry weight, from samples of damselfly and midge larvae at Goose Pond (site 9), exceeded the 3 |0,g/g dry-weight level of selenium in food chain organisms associated with reproductive failure in fish and wildlife (Lemly, 1993) . Aquatic invertebrates from areas unaffected by irrigation drainage practices generally contain selenium concentrations less than 4 |0,g/g dry weight (Eisler, 1985; Ohlendorf, 1989) .
Fish
Comparative data for concentrations of various elements in fish tissue are not available for the Wind River Federal Irrigation Project area. However, the USFWS has participated in the National Contaminant Biomonitoring Program (NCBP) since 1967. Through the NCBP, the USFWS monitors concentrations of seven potentially toxic elements (arsenic, cadmium, copper, lead, mercury, selenium, and zinc) and selected organochlorine chemicals in fish from a national network of stations. Although data from the NCBP are not specific to the reservation, and include values for several fish species, the NCBP does enable comparison of the Wind River Indian Reservation data with the national database. Schmitt and Brumbaugh (1990) provide a more complete discussion of the NCBP and a summary of the analytical results from 1976 through 1984. Henderson and Winterfield (1975) reported concentrations of copper in liver samples ranged from 56 to 97 ug/g wet weight in Canada geese that suffered acute copper toxicosis.
Lead concentrations in all aquatic bird liver samples from Goose Pond (site 9) were less than the minimum reporting level. One blue-winged teal liver sample collected from Sharp Nose Pond (site 10), however, had a concentration of 41.2 jig/g dry weight. Lead concentrations greater than 10 ng/g dry weight have been identified in lead-poisoned birds (Eisler, 1988) . Although concentrations of the remaining two samples from Sharp Nose Pond were less than the minimum reporting level, it should be noted that these concentrations (less than 14.4 and less than 17.3 |ig/g, table 10) are higher than those identified in leadpoisoned birds.
Mercury concentrations in aquatic bird livers collected in the Little Wind Unit ranged from 0.323 to 5.10 ng/g dry weight (0.124 to 1.79 Hg/g wet weight). Although these are lower than concentrations determined to cause adverse effects to black ducks in experimental studies (Finley and Stendall, 1978) , mercury concentrations in bird livers at Sharp Nose Pond (site 10) are higher than the suggested levels in dietary items for the protection of sensitive species of mammals and birds that regularly consume fish and other aquatic organisms (Eisler, 1987) .
Zinc concentrations in aquatic bird liver samples collected from Goose Pond <site 9) and Sharp Nose Pond (site 10) ranged from 135 to 332 u,g/g dry weight. Eisler (1993) reports that experimentally derived zinc concentrations ranging from 21 to 33 ng/g dry weight were found in normal bird livers, and that zinc concentrations ranging from 75 to 156 ng/g dry weight were found in livers of zinc-poisoned birds.
SUMMARY
Physical, chemical, and biological data were collected in 1992 and 1993 from irrigation drainage areas, wetlands, and ponds of the Wind River Federal Irrigation Project, Wind River Indian Reservation, Wyoming. The study was conducted as an interagency field screening under the guidance of the DOI in response to increasing concern about the quality of irrigation drainwater and its potential adverse effects on fish, wildlife, and human health. In this semiarid area, the wetlands and ponds of the reservation are attractive to migratory and nesting aquatic birds, several species offish, and three federally listed endangered species bald eagles, peregrine falcons, and whooping cranes that are known to use the wetland habitats seasonally.
The Wind River Federal Irrigation Project consists of four irrigation units: Little Wind Unit, LeftHand Unit, Johnstown Unit, and Upper Wind Unit. The irrigation network has a length of about 90 mi and diverts about 170,000 acre-ft of water annually through a series of unlined canals, ditches, and drains.
In water samples from the four irrigation units, trace-element concentrations (inorganic constituents) generally were highest in the Little Wind Unit irrigation area, and some of the 1993 concentrations were greater than those measured in 1992. The highest selenium concentrations in water samples collected in the Little Wind Unit were 17 ug/L in 1993 and 4 \ig/L in 1992. Similarly, boron concentrations in water samples collected from the study area ranged from 20 to l,100p.g/Lin 1993 and from 10to380p.g/Lin 1992; lead concentrations ranged from less than 1 to 4 \ig/L in 1993 and from less than 1 to 1 ng/L in 1992; mercury concentrations ranged from 0.1 to 4.9 ug/L in 1993 and from less than 0.1 to 0.2 u.g/L in 1992; and zinc concentrations ranged from less than 3 to 38 ug/L in 1993 and from less than 3 to 21 u.g/L 1992.
Of the 14 water samples collected from the Little Wind Unit in 1993, laboratory analyses showed that 6 sampling sites had selenium concentrations that equaled or exceeded the 5 jig/L U.S. Environmental Protection Agency freshwater aquatic-life criterion, and 1 sampling site at McCaskey Drain above Coolidge Canal had a selenium concentration of 17 u.g/L. From Sharp Nose Draw in the Little Wind Unit, a mercury concentration of 4.9 u.g/L was measured in water sampled June 8, 1993. Natural (background) concentrations of mercury in rivers and lakes have been reported ranging from 0.01 to 0.05 Hg/L, and concentrations ranging from 0.1 to 2.0 (ig/L have been reported to be fatal to sensitive aquatic species. Mercury concentrations at three sites sampled in the study area during the 1992 irrigation season were 0.2 |J.g/L, and water samples collected during the 1992 and 1993 irrigation seasons at all other sites in the study area were less than or equal to 0.1 Hg/L.
Organic-compound concentrations in water samples from the study area generally were less than the minimum reporting level. However, samples from two sites in the Sub-Agency System of the Little Wind Unit near Arapahoe had detectable concentrations of Dicamba (0.20 |lg/L) and 2,4-D (0.17 |ig/L).
Trace-element concentrations in bottomsediment samples were similarly highest in the Little Wind Unit. Selenium concentrations in the study area had a range of 0.1 to 7.5 |ig/g and mercury concentrations were 0.02 |j,g/g or less for all samples. The highest selenium and mercury concentrations were in bottom-sediment samples from Goose Pond and Sharp Nose Pond. Organic-compound concentrations in bottom-sediment samples from four sites in the study area were all less than the minimum reporting level.
Biota samples collected in 1993 from the Little Wind Unit irrigation area consisted of submerged aquatic vegetation, aquatic invertebrates, fish, bird eggs, bird livers, and bird gastrointestinal tracts. In samples of submerged aquatic vegetation, boron concentrations ranged from 21.7 to 457 |ig/g dry weight. Selenium concentrations were less than levels of concern, except for a concentration of 4.82 |j,g/g dry weight from a pondweed sample collected at Goose Pond. Trace-element concentrations in samples of aquatic invertebrates also were less than levels of concern, except for selenium concentrations of 6.98 and 8.20 |ig/g dry weight measured from damselfly and midge larvae samples from Goose Pond, exceeding the 3 |ig/g level of selenium in food chain organisms reported to be associated with reproductive failure in fish and wildlife. In fish, concentrations of selenium ranged from 2.74 to 7.30 |lg/g dry weight and chromium concentrations ranged from 2.35 to 40.2 |ig/g dry weight, indicating that some sites have selenium and chromium concentrations greater than reported levels of concern. Aquatic bird eggs contained concentrations of all trace elements, except selenium, that were less than levels of concern. Selenium concentrations of 4.71 and 4.82 (xg/g dry weight were measured from bird eggs collected at Goose Pond and Arapahoe Wetlands Pond. Five of the six livers sampled from aquatic birds at Goose Pond and Sharp Nose Pond contained selenium concentrations (13.0 to 22.9 (Xg/g) in excess of the 10.0 |ig/g level associated with reproductive failure in aquatic birds. Liver samples from birds at these sites also contained high dry-weight concentrations of copper at Goose Pond (152 to 184 ng/g); lead (41.2 |ig/g) and mercury (5.10 |lg/g) at Sharp Nose Pond; and zinc at Goose Pond and Sharp Nose Pond (135 to 332 ng/g).
The results of the study indicate that most sites in the Wind River Federal Irrigation Project have concentrations of inorganic constituents and organic compounds (pesticides) in samples of water, bottom sediment, and biota that are less than levels of concern. However, in the Little Wind Unit irrigation area between Fort Washakie and Arapahoe, selenium and mercury concentrations in some water samples equaled or exceeded the USEPA's aquatic-life criterion for selenium (5 Hg/L) and the proposed 1985 mercury criterion for freshwater aquatic life protection (0.012 |ig/L, 4-day average, not to exceed 2.4 |ig/L on an hourly average). The highest concentrations of selenium and other trace elements in water and bottomsediment samples were from the Little Wind Unit Ray and Coolidge Systems. In these areas, the soil and underlying geologic materials have been previously identified as potentially supporting vegetation that may be moderately to highly toxic to grazing animals. The presence of selenium in the area also is indicated by the results of biota sampling and analyses in 1993 that show selenium concentrations are greater than established levels of concern in some aquatic vegetation and invertebrates, fish, bird eggs, and bird livers collected from the Little Wind Unit.
